In this paper a new, simple model of wave propagation for microcellular systems is applied to predict the path loss of a wireless channel. The model does not rely on the classical theory of electromagnetic wave propagation, but it is entirely based on probability theory. We consider the canonical scenario of a random environment of partially absorbing scatterers and model the trajectory of each photon in the system as a random walk. This model leads to a path loss formula that rather accurately (in comparison to other models and experimental data) describes the smooth transition of power attenuation from an inverse square law with the distance to the transmitter to an exponential attenuation as this distance is increased. This result can justify empirical formulas that are often used for path loss prediction, characterized by a breakpoint distance at which the exponent of a power law is increased from a value of approximately 2 to a value in the range of 4 to 10.
Introduction
In the last few years the concept of microcellular systems used for wireless personal communication has attracted much attention. A microcell is a region served by a radio base station, smaller than traditional macrocells by one or two orders of magnitude. This reduction in size has the advantage of increasing the overall capacity of the system. Prediction of propagation characteristics is essential for link budget calculations in wireless network planning, therefore models, algorithms, and mathematical tools for prediction of the electromagnetic signal characteristics in the new microcellular scenario are of critical importance.
Propagation in microcells has been investigated in both line of sight (LOS) and non line of sight (NLOS) conditions. In both cases there is the tendency to model the average propagation loss using an inverse power law with the distance to the transmitter. This inverse power law model goes back to the empirical formula given by Hata [l] , following previous work of Okumura et al. [4] , based on extensive experimental measurements made in the sixties in Japan. When adapting the Okumura-Hata model to microcellular systems, there is experimental evidence of a power law exponent that increases as a function of the distance between the transmitter and the receiver. Therefore, path loss models have been introduced characterized by a breakpoint distance at which the exponent of the inverse power law is changed from a value of approximately 2 to a value in the range of 4 to 10.
Recently, Franceschetti G. et al. [3] proposed a new analytic model of wave propagation entirely based on probability theory rather than on electromagnetics. They model a city as a random medium of lossless scatterers and consider a random walk formulation of the problem of optical ray penetration inside the medium. Their main result is an approximate analytical formula for the penetration depth as a function of the density of the scatterers and of the wave's incident angle. Their study, however, not considering signal attenuation inside the medium, does not lead to a path loss formula that can be experimentally validated.
In this paper we present a new model of propagation in cluttered environments that is also entirely based on probability theory, and that leads to a path loss formula that rather accurately (in comparison to other models and experimental data) describes the smooth transition of power attenuation from the mode r--2 to an exponential attenuation. This result can justify empirical formulas that use high order power laws, after a breakpoint, to fit experimental data and is in agreement with recently proposed exponential attenuation models, developed under LOS conditions [2] . Our path loss formula is also validated by showing agreement with experimental data collected in the city of Rome, Italy.
Summary of theoretical results
We refer to a very simplified canonical scenario as depicted in Fig. 1 . a monocromatic isotropic wave radiated by a transmitter reaches the intended receiver undergoing multiple scattering from different obstacles placed in the environment. The scattering mechanism is lossy: at each reflection the wave undergoes a prescribed attenuation. This physical picture is remodeled in probabilistic terms. The wave is composed of emitted photons that move following a piecewise continuous random walk inside the medium. We assume that each time a photon hits an obstacle, it has a probability y of being absorbed, and a probability (1 -y) of being scattered in a random direction. We derive the probability density function @df, of a photon to be absorbed at a distance ro from the source. Integrating this pdf from r = ro to -we then obtain the average transmitted power flux at a distance ro from the transmitter. We derive exact and approximate analytical formulas for this power flux in one, two, and three dimensions, as functions of the absorbtion coefficient y and of the average step length q of the random walk (which is essentially a measure of the number of 100. obstacles in the environment). Our main theoretical result is in proving a propagation loss that follows (in 3D) an inverse square law with the distance to the transmitter, with a smooth transition to an exponential mode as the distance between transmitter and receiver increases (see Figure 2 ). The formulas for the power flux density radiated at a given distance ro from the transmitter derived within our model are as follows: in one dimension we have letting cx = q( 1 -y), in two dimensions we have letting [I -(1 -y)*]q = p, in three dimensions we have
Path Loss experiments
We apply the theoretical model presented in the first part of the paper to predict the path loss of a wireless channel. By using a non-linear regression algorithm we tit Eq. Results of the fitting are depicted in Fig. 3 
